ABSTRACT
Introduction
The development of real estate derivatives offers investors considerable flexibility when seeking to include real estate in a mixed asset portfolio. A market in which derivatives could be traded would seem to enhance the value of real estate since it would allow investors to alter their exposure to real estate without the large transaction costs and illiquidity endemic to the private real estate market. There are, however, two issues that need to be considered before arguing for an increased holding of real estate within institutional mixed asset portfolios. First, the pricing and efficiency of the derivatives market might limit its usefulness if spreads in, say, the swap market for real estate were very large and/or volatile. This is mainly an empirical question that requires more trading and market data to be researched. The second is the ability of investors to hedge their individual real estate assets by operating in the swap market. It is this second issue that is explored in this paper.
The object is to estimate, using data from individual properties, how effectively might investors modify their portfolio exposure to real estate by operating in the total return swap market. The study is based on Japanese properties, but the principles, techniques and findings apply in general terms to real estate markets internationally. In Section 1, we place this study within the context of related literature. In Section 2, we develop a model for analyzing the returns from the real estate portfolio hedged with total returns swaps (hereafter TRS). We also discuss and define hedging effectiveness. In Section 3 we discuss the data applied to this study and the model estimation. In Section 4, we show the results of the hedging effectiveness and consider the factors that affect hedging effectiveness. In Section 5, we assess the actual performance of hedged portfolios TRS. Finally we draw our conclusions in Section 6.
Swap Market for Real Estate

Hedging Real Estate Investment Risk
When investors hold assets such as real estate, they may be faced with the need to adjust their portfolio exposure to the underlying market. With illiquid markets, portfolio adjustment may be very costly and in heterogeneous markets, once a specific asset is sold, it may be difficult or impossible to replace. Thus the need for some process by which market exposure might be adjusted would seem to be a necessary condition of creating a successful environment for holding real estate. This, in turn, would seem to be provided by the development of derivative products such as futures, options and swaps. It is therefore logical for researchers to address the opportunities created by establishing derivative markets in real estate.
One obvious problem with a heterogeneous asset is basis risk and the correlation between the returns of the asset held in the portfolio and the hedging instrument. The first study focusing on the availability of TRS for real estate investment was Switzer (1995, 1996) but other authors have also addressed similar issues. Case and Shiller (1996) show that the mortgage default risk can be hedged by the futures and options based on a real estate index. They focus on the correlation between the change of default probability and the real estate index. Shiller and Weiss (1999) propose insurance policies to enable individuals to protect themselves against the risks of falls in the price of their homes. Other studies include empirical analysis of the real estate market, Englund et al (2002) and Iacoviello and Ortalo-Magne (2003) analyze the risk and the expected return of the hedge created by shorting real-estate stocks and an index whilst Syz et al. (2007) address the hedging of real estate using an index, and indicate the importance of correlation between the real asset and the real estate index.
Following Switzer (1995, 1996) , we take as our starting point, the view of real estate owners who wish to modify their exposure to future fluctuations in the market by using TRS. Conventionally, this could be managed by swapping the total return on a nominal amount of real estate (or a nominal value of a specified real estate index) for short-term interest rates (adjusted by a premium or discount to reflect market conditions in the swap market), This transaction could reduce the exposure of the portfolio to future fluctuations in the real estate market over the designated period, leaving the real estate owner to bear only the basis risk of their portfolio. In financial terms, this would imply that real estate owners could hold onto the "alpha" but eliminate the "beta" or systematic risk of their real estate assets. But such a result critically depends on the relative sizes of the volatility of the swap spread and the basis risk of real estate portfolios.
Spread of TRS
The pricing of TRS is derived by Buttimer et al (1997) and evolved by Bjork and Clapham (2002) . Though Bjork and Clapham (2002) indicate the theoretical price of the TRS is zero, Patel and Pereira (2008) show that the price is non-zero under the existence of counterparty default risk. They argue that TRS payers must charge a spread over the market interest rate that compensates them for the exposure to this additional risk. However they also indicate that computed spreads on IPD indices are much lower compared to a sample of quotes they obtained from one of the traders in the market. As they point out, the actual spreads observed in the swap market for real estate are larger than their counterparts in the equity market, partly because the swap market is a new market and the spreads are (as was the case for equity market spreads), both more variable and larger than those observed in more mature markets. Partly also because the swap pricing for real estate assets is more difficult to arbitrage because of the high transaction costs for buying and selling the underlying asset . Amihud and Mendelson (1989) estimate the effect of illiquidity on stock returns, and Benveniste et al (2001) show that creating liquid equity claims on relatively illiquid property asset increases value by 12-22% through their analysis on the REIT market. Moreover Collett et al (2003) indicate that the holding period for U.K. real estate is considerably longer than the holding periods reported for equities, and those holding periods have varied over the time period giving rise to illiquidity and high transaction costs. It not only makes TRS pricing difficult but also makes the planning of the hedging strategy more complicated. Bond et al (2007) show that marketing time uncertainty can be reduced by constructing a portfolio, but that at least 10 properties are necessary to reduce the risk. Japan. This has also been accompanied by the publications by Japanese researchers interested in real estate derivatives. Moridaira (2006) proposed the pricing model of real estate index derivatives applying the Esscher Transform.
However an empirical study about real estate derivatives based on the Japanese market has not yet been published. Thus one motivation for our paper is the need to fill this gap. The second motivating factor is the availability of data.
Though the length of time is limited, not only real estate indices but also individual property data based on the J-REIT report have become available.
Based on Japanese real estate data, we focus on the following three areas in this study. The first is to examine the modeling of real estate returns using a Wiener process or an autoregressive process. Another approach, the GARCH model, is often applied to many financial products, for instance Baillie and Myers (1991) consider the optimal hedge for commodity futures based on GARCH model and they show that the estimated models provide a good description of the distribution of changes in commodity prices. Unfortunately we can't apply GARCH in this study because of the restrictions of data. Our individual property data are initially semiannual and the maximum length is 5 years (see Section 3.1 for details). This data set would be far too small to estimate a GARCH model. Switzer (1995, 1996) apply a Wiener process to describe the process of returns but we doubt whether such diffusion process is appropriate for real estate returns. Thus we also apply an autoregressive process for the real estate index and the individual real estate returns, and we compare the standard error of estimates for both approaches.
Our second focus is the hedging effectiveness of TRS. Switzer (1995, 1996) assessed the optimal position of real estate swaps for risk management for the real estate owner by transforming the problem into a mean-variance framework. We assess the hedging effectiveness of TRS in the same framework but while Switzer (1995, 1996) determine the hedge ratio to maximize the investor's utility function, we apply a minimum-variance hedging strategy (see Section 2.3 for details). Our analysis is based on the conditional variance and covariance for different specific periods, because the time period covered by each property differs, so properties that can be incorporated into the portfolio depend on the period selected. Harris and Stoja (2008) analyze both the unconditional minimum-variance hedge ratio and the conditional one for the currency market. They conclude that conditional minimum-variance hedge ratio does not perform significantly better than the unconditional one in terms of either hedge portfolio variance reduction, or utility maximization.
The third and final focus of this study is the actual performance of the hedged portfolio. The investor is planning a hedging strategy based on the market 8 / 43 movement experienced. If the investor determines the hedge ratio expected to minimize the variance of return, we explore whether the actual performance in the succeeding period is better than the non-hedged portfolio. We use a fixed number of observations to estimate each model and performance assessment.
The following period is used for the actual assessment (see Section 3.2 for details).
Our study is based on some strong assumptions. As mentioned above, the spread of TRS would critically affect the performance of hedge. We assume a single period investment in this study. The investor and the counterparty make a contract of TRS for the period 1 − t , and settle at time t in this single period investment. We take the spread as fixed at the contract time 1 − t , and the fixed spread is unchanged at settlement. Under this assumption, as the spread is not a stochastic variable, it does not affect the variance of return of portfolio. Of course the fixed spread still affects the return on the portfolio, but it just provides the same change to both the expected return and the actual return. Initially we set the spread equal to zero in the empirical analysis and the investment horizon for 6 months or 1 year.
The Model
Naked Portfolio and Hedged Portfolio
The return of portfolio without hedging is given in equation (1). We call this, the naked portfolio. 
The return of a portfolio hedged with TRS is given in equation (2). Fig.1 expresses the exchanges of return of this hedged portfolio. 
Expectation and Variance of Returns
We apply the autoregressive process for the returns of the real estate index and the individual real estate returns (see equation (3) and (4) respectively). The index is expressed as a simple autoregressive model with a constant term. The return of an individual property has two parts. One part depends on the index, and the other depends on the return at the previous period. In our model the degree of the dependence upon these two parts is expressed as a weight. That is to say the weight for the index is i a , and the weight for the previous return is the rest, i.e. 
For the LIBOR process we apply the Vasicek model (Vasicek, 1977) as in equation (5) where t W is a Wiener process and σ determines the volatility of the LIBOR rate. α and β express mean-reversion.
is the rate of long term, and β − is the strength of mean-reversion. Simplifying the equation (5) we apply the equation (6) 
Based on the equations (1),(2),(3),(4) and (6) the conditional variance of return of portfolio are given in (9) and (10). Here we suppose that the covariance between the error terms are negligibly low, i.e. 0 ] , [
Cov ε ε for q p ≠ . As pointed out above, the spread ( s ) doesn't have any effect to the variance of return because it isn't a stochastic variable in this study.
Where:
Hedging Effectiveness
The key issue for the investor is how to decide the hedge ratio, h in the equation (2). Switzer (1995, 1996) apply a mean-variance expected utility function, and they determine the optimal hedge ratio to maximize that utility function. Other various utility functions are introduced in studies, such as Cecchetti, Cumby, and Figlewski (1988) . On the other hand, an alternative approach by Howard and D'Antonio (1984) proposes the maximization of the Sharpe ratio. Boveroux and Minguet (1999) indicate that the choice of a hedge ratio that maximizes utility essentially corresponds to adjusting the portfolio's beta.
In this study we apply the minimum-variance hedging strategy derived by Johnson (1960) . There is an argument about the appropriateness of the minimum-variance criterion as Alexander and Barbosa (2007) indicate. However our focus is on the demonstration of hedging effectiveness using individual property data, so the simple minimum-variance hedging is appropriate as an extreme case of reducing risk. As shown in equation (10), the variance of return of the hedged portfolio is a function of the hedge ratio h . The hedge ratio (11) and the minimum variance is given as equation (12).
The hedging effectiveness in this study means how much risk, i.e. variance of return, is reduced by hedging. In this sense the ratio of the variance of return of hedged portfolio to the naked portfolio is appropriate as the indicator of hedging effectiveness. The indicator of Johnson (1960) or Ederington (1979) is based on the same principle. The indicator of Alexander and Sheedy (2008) is the ratio of the standard deviation of returns, and it is consistent with these measures. We adopt the indicator of Alexander and Sheedy (2008) as in equation (13), because it is simple. The individual property data provided by ARES is based on the information disclosed in the J-REIT report. As the settlement accounts of J-REIT is made semiannually, normally one record covers 6 months. This includes settlement date of the term, the attributes of the property, appraised value at the end of term, and income return at the term for each property and for each fiscal term. Their data includes 5,722 records for 1,537 properties at the end of September 2007.
We used individual office properties that have more than 8 records, i.e. covering more than 4 years, in the Tokyo metropolitan area, excluding the properties that have additional acquisitions or errors in their records. As a result, 746 records for 74 properties were applied in this analysis. As mentioned above the J-REIT report is published semiannually, the publication month of data may be vary one from other. So if we construct the portfolio with properties whose publication months are the same, we would select only a very restricted sample of properties. We therefore transform the observed return from the different months of data to a common point in time one by cubic spline interpolation like as Fig.2 (3)(4) and the variance and covariance in equations (7) The number of properties in the portfolio is set 1, 3, 5 and 10. The portfolios with more than one property are constructed randomly. We create 1,000 sample portfolios by the Monte Carlo method with replacement with the weight of each property in the portfolio set equal. The hedge ratio is set to minimize the variance of the return of hedged portfolio as in equation (9), the spread ( s ) is set zero.
(2) Auto-regressive vs. Wiener Process
As mentioned above, Switzer (1995, 1996) applied a Wiener process for real estate returns as in equation (14). y µ is the mean drift of the change and y σ is the volatilities. They assumed that y µ and y σ are constant.
Here we compare the auto-regressive model that we applied in this study with the Wiener process model using the standard error of estimates. The models of the real estate index and properties are estimated by OLS. For the property model, the significance varies across properties and periods.
Of course there are some insignificant cases, but we do not eliminate insignificant cases in this study, because investors cannot select the property in their portfolio based on statistical significance. In practice the investor has to prepare the hedging strategy for the portfolio actually owned. As we assume such a practical situation in order to consider hedging effectiveness, all
properties are used for analysis regardless of its significance. The mean values of sample data are 5.222% and 5.335% respectively. Though mean-reverting rates are slightly smaller than the arithmetic mean values of sample data, both of them are very close. (9) and (10) respectively. Table.5 shows the mean and the standard deviation of the square root of the variance of return of each portfolio for each period, and Fig.4 shows the probability distribution of square root of the variance of return. As n , the number of Comparing the naked portfolio and the hedged portfolio in Table. 5, the mean of the variance of return of the hedged portfolio is always smaller than the naked portfolio for any n . On the other hand the standard deviation of the variance of return of the hedged portfolio isn't always smaller than the naked portfolio
. But there is a tendency for the standard deviation of the hedged portfolio to be smaller than the naked portfolio when n increases.
As shown in Fig.4 , the peak of distribution of the hedged portfolio is located slightly lower than the naked portfolio.
Comparing the 6 months investment and the 1 year investment in Table. 5, the mean of the variance of return of the 1 year investment is smaller than the 6 months investment except December 2005 and the hedged portfolio of 10 = n .
Since there are a few results for the 1 year investment, it is difficult to find the consistent tendency about the mean of the variance of return between the 6 months investment and the 1 year investment. But with a few exceptions, the standard deviation of the variance of return of the 1 year investment is generally greater than the 6 months investment. 
The hedging effectiveness in this study is defined as the ratio of square root of the variance of return of the hedged portfolio to the naked portfolio as the equation (13). So the smaller number indicates the greater hedging effectiveness. As shown in Table. 6, when n becomes greater, the mean of hedging 
Determinant of Hedging Effectiveness
The variance of return of the hedged portfolio, a minimum-variance portfolio, is given in equation (12). That is to say the reduction in variance of return depends on the parameters A and B given in equation (10) ( -3 .7217 )** ( -20.5320 )** ( -17.8646 )** ( -10.9040 )** # lower bracketed cell is t-statistics of estimate ** 1% significant * 10% significant As shown Fig.6 Thus the covariance of property returns and index is the main factor, and it is highly volatile as shown in Fig.6 . This means that the basis risk of hedging with TRS is very high, and the hedging effectiveness varies depending on the period.
The mean of the covariance of property returns and index does not change as much even if n increases. But the weight of the coefficient in the regression becomes heavier with the increase of n as shown in Table. 7. This is because the covariance of property returns and index tends to concentrate around the mean value with the increase of n . Fig.7 shows the dispersion of the covariance of property returns and index and the hedging effectiveness on September 2005.
In the case of 1 = n or 3 = n , there are some portfolios that take extreme covariance. But in the case of 10 = n , there is no such portfolio, and the covariance and the hedging effectiveness concentrate on the center. This means that the reason of improvement of hedging effectiveness with the increase of the number of properties in portfolio is not the rise of the average covariance but the convergence to the average covariance. As mentioned before we use 6 periods data for each calculation. The first 5
periods are used to estimate the model, and the last period is used for the actual assessment. Our indicator expressed in the equations (13) and (14) is similar to the Sharpe ratio. This indicator is the ratio of the difference between the actual return on the last period and the expected return predicted by the model to the square root of the variance of return predicted by the model. This indicator represents the actual excess return for the risk the investor expect to take. We call this indicator the actual performance score.
Where: Table. 8, the standard deviation of the hedged portfolio is always larger than the naked portfolio, and the range of distribution of the hedged portfolio is always wider than the naked portfolio as shown in Fig.8 . This means that the difference between actual return and expected return of the hedged portfolio doesn't always correspond to the risk the investor expects to take compared with the naked portfolio. 
Prediction Error and Actual Performance
As shown the equations (7) and (8) Table. 3 in Section 3.2. For the hedged portfolio the overestimation effect lasts until around March 2006. As the hedged portfolio has the index payment, the effect is greater for it than for the naked portfolio.
Needless to say, the appropriateness of the model also affects the actual performance. As the return of portfolio critically depends on the prediction of the index, the prediction error includes the difference between the actual return and the expectation compared with the expected risk that investor take. One extreme change tends to make an enormous impact on the estimation of the model, because the model is estimated with a few observations in this study. But from the other point of view, the quality of the index is also a critical factor to affect to the actual performance. As mentioned in Section 3.1, the index applied in this study is a simple mean of about 200 properties. The break between June and July 2005 would certainly reflect the real change but there might be some doubt whether that sudden change typifies the whole market change. date of t+1 (bracket ed is t he st art dat e of invest ment ) annual rat e of index and LIBOR Applying the real estate index and the individual property data in Japanese market, we develop a model for the real estate portfolio hedged with TRS, and assess the hedging effectiveness. We assess the actual performance if investors hedge the portfolio based on the model prediction. As a result, the variance of return is certainly reduced by the hedge with TRS, and the standard deviation of return of the hedged portfolio is 39% of the naked portfolio in the best case. We also confirm that in general the more diversified the portfolio, the more effective the hedge.
But the hedging effectiveness differs substantially between periods, because the covariance of property returns and index is highly volatile. This means that the basis risk of hedging with TRS is high, and the hedging effectiveness subsequently varies depending on the period. We find the diversification effect in hedging effectiveness is brought by not the rise of the average covariance but the convergence to the average covariance.
For actual performance assessment, we find that the difference between actual return and expected return of the hedged portfolio doesn't always correspond to the risk the investor expects to take compared with the naked portfolio. This is because the return of portfolio depends critically on the prediction of the index and the prediction error of the index model is too large. As the model is estimated with relatively few observations in this study because of the restriction of data, one extreme change tends to make an enormous impact on the estimation. The sudden break included in the actual index process makes the model estimation problematic, and this produces a large prediction error.
